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(57) ABSTRACT 

A method of manufacturing a loW-cost thin ?lm transistor of 
minimized variations in performances, as Well as the thin ?lm 
transistor produced thereby. A thin ?lm transistor manufac 
turing method including the steps of: forming a gate electrode 
on a substrate; forming a gate insulation layer on the gate 
electrode; forming a semiconductor layer by coating the gate 
insulation layer With a semiconductor material; forming a 
repellent layer having an electrode material -repellent charac 
teristic on the semiconductor layer; applying light from the 
surface of the substrate Where there is no gate electrode, 
thereby removing the semiconductor layer and the repellent 
layer by sublimation, except for the portion protected against 
light by the gate electrode; and dropping the ?uid electrode 
material on the repellent layer remaining on the substrate so 
that the ?uid electrode material is separated by the repellent 
layer, Whereby the source electrode and the drain electrode 
are formed. 

12 Claims, 7 Drawing Sheets 
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THIN FILM TRANSISTOR AND METHOD OF 
MANUFACTURING THIN FILM 

TRANSISTOR 

This application is based on Japanese Patent Application 
No. 2006-033614 ?led on Feb. 10, 2006, and No. 2006 
183096 ?led on Jul. 3, 2006, in Japanese Patent Of?ce, the 
entire content of Which is hereby incorporated by reference. 

TECHNICAL FIELD 

The present invention relates to a method of manufacturing 
a thin ?lm transistor, and the thin ?lm transistor manufactured 
thereby. 

BACKGROUND 

With Widespread use of an information terminal, there has 
been a growing need for a ?at panel display as a computer 
display. As the information-oriented society advances, the 
information having been provided in the form of paper media 
so far is more often provided as digital information. Thus, 
there has been an increasing need for electronic paper or 
digital paper as a thin, light and easily portable mobile display 
medium. 

In a ?at panel display apparatus, the display medium is 
commonly made up of devices based on liquid crystal, 
organic electroluminescence and electrophoresis. To ensure 
uniform screen brightness and screen reWriting speed, such a 
display medium mainly uses the technology Wherein an 
active drive device made up of a thin ?lm transistor (TFT) is 
used as an image drive device. 

To produce a TFT device, a semiconductor thin ?lm such as 
an a-Si (amorphous silicon) and p-Si (polysilicon), and a 
metal thin ?lm such as a source, a drain and a gate electrode 
are sequentially formed on a glass substrate in general cases. 
Manufacturing of a ?at panel display based on the TFT usu 
ally requires a high-precision photolithography step, in addi 
tion to the thin ?lm forming step that needs such vacuum 
based equipment as a CVD and sputtering device and high 
temperature processing steps. This requires high running 
costs and high equipment costs. Further, to meet the require 
ments for larger display screens in recent years, the costs have 
been expanded immensely. 

In recent years, there is a very active effort going on in the 
research and development projects for an organic TFT device 
using the organic semiconductor material as a technology to 
make up for the demerits of the conventional TFT device 
(Japanese Laid-Open Patent Publication No. H10-190001 
and Journal of Advanced Material Vol. 2, 2002, P. 99 (Re 
vieW)). This organic TFT device can be produced in a loW 
temperature process, and permits use of a crack-resistant 
resin substrate of light Weight. Further, this device is claimed 
as providing a ?exible display using a resin ?lm as a support 
member (SID ’02 Digest P. 57). Further, a very loW-cost 
display With excellent productivity may be achieved by using 
the organic semiconductor material that can be manufactured 
in a Wet process of printing and coating under atmospheric 
pressure. 
A technique has been disclosed to manufacture an organic 

TFT using an inkjet for electrode formation (e.g., Brochure 
for International Publication No. 01/47043). This technique 
alloWs use of a process that does not employ a vacuum sys 
tem. HoWever, a polyimide ?lm formed according to the 
photolithography method is still used in the channel area 
betWeen the source and drain electrode. 
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2 
The technique disclosed in the Brochure for International 

Publication No. 01/47043 is based on photolithography, and 
requires a complicated process and higher production costs. 
Further, accuracy in channel formation depends on the accu 
racy in photolithography and inkj et exposure positioning. 
This raises a problem of increasing variations in perfor 
mances among devices. Further, at the time of forming the 
source electrode and the drain electrode, a liquid material is 
emitted. This tends to cause short circuiting. When short 
circuiting has occurred, a non-defective device cannot be 
produced. 

To improve the channel formation accuracy, a method has 
been proposed for forming a channel Wherein the unWanted 
portion of the semiconductor layer is sublimed and removed 
by application of ultraviolet rays (e.g., Japanese Laid-Open 
Patent Publication No. 2005-175157). 
The method disclosed in the Japanese Laid-Open Patent 

Publication No. 2005-175157, hoWever, requires mask align 
ment for semiconductor formation. This method improves the 
accuracy of the channel con?guration, but is insu?icient rela 
tive positioning. 
A method has been proposed for high-accuracy layout of 

self-assembled monolayers on the gate electrode projection 
area of the surface of the insulation ?lm on an selective basis, 
Wherein the orientation order of the organic semiconductor 
?lm is improved on only inside the gate electrode projection 
area on an selective basis, not improved on the light-exposed 
area outside the gate electrode projection area (e.g., Japanese 
Laid-Open Patent Publication No. 2005-79560). 
The method disclosed in the Japanese Laid-Open Patent 

Publication No. 2005-79560, hoWever, permits channel for 
mation Without using the method of photolithography. It pro 
vides only the patterning of the orientation control capability 
of the self assembled monolayer, and the active portion of the 
semiconductor cannot be strictly patterned. 
As described above, the method disclosed in the Japanese 

Laid-Open Patent Publication No. 2005-79560 provides only 
the patterning of the orientation control capability of the self 
assembled monolayer, Without patterning of the semiconduc 
tor layer per se. This arrangement tends to produce greater 
variations in performances among thin ?lm transistors. 

SUMMARY 

An object of the present invention is to solve the aforemen 
tioned problems and to provide a method of manufacturing a 
loW-cost thin ?lm transistor, and a thin ?lm transistor, 
Wherein the variations in the siZe and relative position of 
semiconductors are reduced to minimize the variations in 
performances are reduced. 

In vieW of forgoing, one embodiment according to one 
aspect of the present invention is a method of manufacturing 
a thin ?lm transistor Which includes at least a gate electrode, 
a semiconductor layer, a source electrode and a drain elec 
trode on a transmissive substrate, the method comprising the 
steps of: 

forming the gate electrode on the substrate; 
forming a gate insulation layer on the gate electrode; 
forming the semiconductor layer on the gate insulation 

layer; 
forming a repellent layer on the semiconductor layer, the 

repellent layer being repellent to a ?uid electrode mate 
rial; 

a removing step for removing a part of the semiconductor 
layer and the repellent layer other than an area shaded 
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from the light With the gate electrode, by irradiating light 
from an opposite surface to a surface on Which the gate 
electrode is formed; and 

forming the source electrode and the drain electrode by 
dropping the ?uid electrode material on the repellent 
layer and dividing the ?uid electrode material by the 
repellent. 

According to another aspect of the present invention, 
another embodiment is a method of manufacturing a thin ?lm 
transistor Which includes at least a gate electrode, a semicon 
ductor layer, a source electrode and a drain electrode on a 
transmissive substrate, the method comprising the steps of: 

forming the gate electrode on the substrate; 
forming a gate insulation layer on the gate electrode; 
forming the semiconductor layer on the gate insulation 

layer; 
forming a repellent layer on the semiconductor layer, the 

repellent layer being repellent to a ?uid electrode mate 
rial; 

removing the repellent layer and the semiconductor layer 
by irradiating light to form a repellent layer Who se shape 
is the same as the gate electrode and to form a semicon 
ductor layer Whose shape is grater than the shape of the 
formed repellent layer; and 

forming the source electrode and the drain electrode. 
According to another aspect of the present invention, 

another embodiment is a method of manufacturing a thin ?lm 
transistor Which includes at least a gate electrode, a semicon 
ductor layer, a source electrode and a drain electrode on a 
transmissive substrate, the method comprising the steps of: 

forming the gate electrode on the substrate; 
forming a gate insulation layer on the gate electrode; 
forming the semiconductor layer on the gate insulation 

layer; 
forming a repellent layer on the semiconductor layer, the 

repellent layer being repellent to a ?uid electrode mate 
rial; 

removing a part of the repellent layer not shaded With the 
gate electrode and a part of the semiconductor layer not 
shaded With a photo mask pattern by irradiating light, 
Which has an enough amount of light to remove the 
semiconductor layer, through the photo mask to cover 
the gate electrode, the photomask having the mask pat 
tern Which transmits light Whose amount of light is 
enough to remove the repellent layer and not enough to 
remove the semiconductor layer When light strong 
enough to remove the semiconductor layer is irradiated 
to the photo mask; and 

forming the source electrode and the drain electrode. 
According to another aspect of the present invention, 

another embodiment is a method of manufacturing a thin ?lm 
transistor Which includes at least a gate electrode, a semicon 
ductor layer, a source electrode and a drain electrode on a 
transmissive substrate, the method comprising the steps of: 

forming the gate electrode on the substrate; 
forming a gate insulation layer on the gate electrode; 
forming the semiconductor layer on the gate insulation 

layer; 
forming a repellent layer on the semiconductor layer, the 

repellent layer being repellent to a ?uid electrode mate 
rial; 

irradiating light, Which has an amount of light enough to 
remove the repellent layer and not enough to remove the 
semiconductor layer, from an opposite surface to a sur 
face Where the gate electrode is formed, and removing a 
part of the repellent layer not shaded With the gate elec 
trode; 
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4 
irradiating light on the semiconductor layer through a 

photo mask and removing the semiconductor layer, the 
photo mask having a maskpattern to shade an area Wider 
than the gate electrode and being disposed on a same 
side of the substrate as the semiconductor layer is 
formed; and 

forming the source electrode and the drain electrode. 
According to another aspect of the present invention, 

another embodiment is a thin ?lm transistor, comprising, 
a substrate; 
an gate electrode disposed on the substrate; 
a gate insulation layer disposed on the gate electrode; 
an alignment layer Which is comprised of a self assembled 

monolayer and disposed on the insulation layer; 
a semiconductor layer disposed on the alignment layer; 
a repellent layer Which is disposed on the semiconductor 

layer, and is comprised of a self assembled monolayer 
Which is repellant to an electrode material for forming a 
source electrode and a drain electrode; 

a source electrode Which is connected to the semiconductor 
layer; and 

a drain electrode Which is connected to the semiconductor 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(1-a) to 1(9-b) are explanatory diagrams shoWing a 
method of manufacturing a thin ?lm transistor of the present 
invention; 

FIGS. 2(a) to 2(c) are explanatory diagrams shoWing an 
irradiation process in the Example 2; 

FIGS. 3(1-11) to 3(6-b) are explanatory diagrams showing 
the method of manufacturing the TFT in the Example 3; 

FIGS. 4(a) to 4(c) are explanatory diagrams shoWing an 
irradiation process in the Example 5; 

FIGS. 5(a) to 5(e) are explanatory diagrams shoWing the 
method of manufacturing the TFT in the Example 6; 

FIGS. 6(a) to 6(e) are explanatory diagrams shoWing the 
method of manufacturing the TFT in the Example 7; and 

FIGS. 7(a) to 7(e) are explanatory diagrams shoWing the 
method of manufacturing the TFT in the Example 8. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to embodiments, the folloWing describes the 
present invention Without the present invention being 
restricted thereto. 

FIGS. 1(1-a) to 1(9-b) are explanatory diagrams shoWing 
an example of the method of manufacturing a thin ?lm tran 
sistor (hereinafter referred to as “TFT”) of the present inven 
tion. Referring to FIGS. 1(1-a) to 1(9-b), the folloWing pro 
vides a step-by-step explanation of the manufacturing 
method for forming a bottom gate type TFT Wherein a gate 
electrode 4b is provided on the substrate 1, a gate insulation 
layer 7 and a semiconductor layer 10 are then formed, and a 
source electrode 8 and the drain electrode 9 are provided. 

FIGS. 1(1-a) through 1(9-a) are plans shoWing the sub 
strate 1 as vieWed from the top. FIGS. 1(1-b) through FIG. 
1(9-b) are respectively cross sectional vieWs shoWing the 
substrate 1 taken along arroW line X-X' in FIGS. 1(1-a) 
through FIG. 1(9-a). 
An example of manufacturing the organic TFT of the 

present invention Will be explained With reference to the 
folloWing Steps S1 through S7. S1 is a step of forming a gate 
electrode 4b on the transmissive substrate 1. S2 is a step of 
forming a gate insulation layer 7. S3 is a step of forming a 
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semiconductor layer 10. S4 is a step of forming a repellent 
layer 20. S5 is a step of removing the semiconductor layer 10 
and the repellent layer 20. S6 is a step of forming a source 
electrode 8 and a drain electrode 9. 

The following describes each step: 
S1: A step of forming a gate electrode 4 on the transmissive 

substrate 1. A photosensitive resist is applied to the substrate 
1 on Which a conductive thin ?lm formed. After that, expo sure 
and development are performed through the photomask of 
each electrode pattern, Whereby the resist layer of each elec 
trode pattern is formed. It should be noted that the procedures 
up to this point are not shoWn in FIGS. 1(1-a) to 1(9-b). 

In the embodiment of the present invention, there is no 
restriction to the material of the substrate 1. For example, 
glass or a ?exible resin sheet can be used. The conductive thin 
?lm can be formed as a conductive thin ?lm on the substrate 
1 by vapor deposition, sputtering or CVD method, using a 
loW-resistant metal material such as Al, Cr, Ta, Mo and Ag, or 
a lamination of these metals. Further, the material can be 
doped With other materials for improving the heat resistance 
of the metal thin ?lm and close contact on the supporting 
substrate and for avoiding defects. Further, a transparent elec 
trode such as ITO, IZO, SnO and ZnO can also be used. 

Then, after the substrate 1 has been etched, the resist layer 
on the gate electrode 4 is removed, and a gate electrode 4b and 
a gate bus 411 are formed, as shoWn in FIG. 1(1-a) and FIG. 

1(1-b). 
S2: A step of forming a gate insulation layer 7. 
As shoWn in FIG. 1(2-a) and FIG. 1(2-b), a gate insulation 

layer 7 is formed. 
The gate insulation layer 7 can be formed in a dry process 

such as vapor deposition, sputtering, CVD method or atmo 
spheric plasma method. There is no restriction to the material 
of the gate insulation layer 7. Various types of insulation ?lm 
can be employed. For example, an inorganic oxide coating of 
high relative dielectric constant such as silicon oxide, alumi 
num oxide, tantalum oxide and titanium oxide are used. It is 
also possible to use as a coating material the PVP, polyimide 
or polysiloxane-based organic material and inorganic ?lm 
material that can be coated. 

S3: A step of forming a semiconductor layer 10. 
A semiconductor layer 10 is formed as shoWn in FIG. 

1(3-a) and FIG. 1(3-b). 
There is no particular restriction to the semiconductor 

material if it can be dissolved or dispersed in solvent. It goes 
Without saying that the organic high-molecular material can 
be used. In recent years, the pentacene as a loW molecular 
material is dissolved in a heated solvent and is coated. The 
semiconductor material can be either a loW molecular mate 
rial or a high-molecular material. 

Further, either the organic inorganic hybrid material or 
inorganic material can be used in the embodiment of the 
present invention. 

The applicable materials are typically exempli?ed by poly 
thiophenes such as poly(3-hexylthiophene); aromatic oligo 
mers such as oligothiophene having a hexamer of thiophene 
on the lateral chain; pentacenes With a sub stituent added to the 
pentacene for improved solubility; copolymer (F8T2) of ?uo 
rene and bithiophene; and polythienylene vinylene or phtha 
locyanine. Thus, any soluble semiconductor can be used. 
Particularly, pentacenes are exempli?ed by silylethynyl pen 
tacene containing 6, l3-bistriisopropylsilylethynyl penta 
cene, and 6,l3-bistriethylsilylethynyl pentacene. They are 
semiconductor materials disclosed in the patent document, 
US. Pat. No. 6,690,029 as a Patent Document and in the 
non-patent document, the Journal of J . AM. Chem., 2005, Vol. 
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6 
127, pp. 4986-4987. TWo substituents are added to pentacene 
to control the molecular interaction, Whereby a high degree of 
mobility is provided. 

Further, the material such as pentacene that is formed by 
the vapor deposition method can be used as a semiconductor 
material. An approximate pattern can be formed by mask 
vapor deposition. 

For example, in a pretreatment for forming a semiconduc 
tor layer 10, the material is subjected to the so-called OTS 
treatment Wherein it is immersed in the solution prepared by 
dissolving 0.1 mol/l of octadesyl trichlorosilane in toluene. 
Then a semiconductor layer 10 is formed by the spin coating 
method, for example, using the solution prepared by dissolv 
ing poly(3-hexylthiophene) in dichlorobenZene at a concen 
tration of 0.3% by mass. Not only the spin coating method, 
but also the inkjet method or micro contact printing method 
can be used to form a semiconductor layer 10. Any ?lm 
making method can be used. 

S4: A step of forming a repellent layer 20. 
A repellent layer 20 is formed as shoWn in FIG. 1(4-a) and 

FIG. 1(4-b). 
The folloWing describes the repellent layer 20 as an 

embodiment of the present invention. 
The repellent layer 20 is a layer that repels the material 

used to produce an electrode (speci?cally, a source electrode 
and a drain electrode), and is formed on the organic semicon 
ductor layer in this example. 

In this example, in the repellent layer formation process, 
the surface of the substrate 1 is covered With the self-as 
sembled monolayer (SAM) after formation of the semicon 
ductor layer 10. For example, the substrate 1 is immersed in 
the solution prepared by dissolving 0.1 mol/l of octadesyl 
trichlorosilane in toluene. 

In the repellent layer forming process, patterning may be 
applied only to the semiconductor layer 10. In this case, any 
material can be used if patterning can be achieved. For the 
purpose of minimiZing the impact on the semiconductor layer 
1 0, hoWever, a Wet process in printing or the like is preferably 
used. For example, a silicon adhesive is printed by screen 
printing method, and is heated up to 500 C. so that it Will be 
cured. 
Of various Wet processes, the inkjet method is used With 

particular preference. 
In the inkjet method, the inkjet based on the commonly 

knoWn pieZo method can be used. Particularly, the inkjet 
based on electrostatic suction method is preferably used 
because it permits exposure of a very ?ne pattern. 
When the repellent layer is formed by the inkjet method, it 

is preferred to provide an ink receiving layer in order to ensure 
proper adjustment of the siZe of the area formed by ink emis 
sion. The liquid particles are sucked and retained by the ink 
receiving layer. After that, they are dried or cured. Thus, the 
spread of the liquid particles can be minimized. 
A porous type receiving layer used for the commonly 

knoWn inkjet recording medium is preferably used as an ink 
receiving layer. 
Any layer can be used as a repellent layer as long as it repels 

the electrode material. In this case, it is possible to use the 
materials for forming an ink repellent layer of the so-called 
Waterless printing plate, as disclosed in the Japanese Laid 
Open Patent Publication No. H09-292703, Japanese Laid 
Open Patent Publication No. H09-3l9075, Japanese Laid 
Open Patent Publication No. Hl0-244773, Examined 
Japanese Patent Publication No. S54-26923, Examined J apa 
nese Patent Publication No. S56-23l50, Examined Japanese 
Patent Publication No. S6l-6l4, Japanese Laid-Open Patent 
Publication No. H08-8292 1, Japanese Laid-Open Patent Pub 
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lication No. H10-319579, Japanese Laid-Open Patent Publi 
cation No. 2000-275824, Japanese Laid-Open Patent Publi 
cation No. 2000-330268, Japanese Laid-Open Patent 
Publication No. 2001-201849, Japanese Laid-Open Patent 
Publication No. 2001 -249445, Japanese Laid-Open Patent 
Publication No. 2001 -324800, Japanese Laid-Open Patent 
Publication No. 2002-229189, Japanese Laid-Open Patent 
Publication No. H04-324865, Japanese Laid-Open Patent 
Publication No. H05-53318, Japanese Laid-Open Patent Pub 
lication No. H05-257269, Japanese Laid-Open Patent Publi 
cation No. H06-89023, Japanese Laid-Open Patent Publica 
tion No. H07-199454, Japanese Laid-Open Patent 
Publication No. H08-328240, Japanese Laid-Open Patent 
Publication No. H09-62001, Japanese Laid-Open Patent Pub 
lication No. H09-120157, Japanese Laid-Open Patent Publi 
cation No. H11-30852, Japanese Laid-Open Patent Publica 
tion No. 2001-188339, Japanese Laid-Open Patent 
Publication No. 2001-343741, Japanese Laid-Open Patent 
Publication No. 2002-131894, and Japanese Laid-Open 
Patent Publication No. 2002-268216. Use of the silicone rub 
ber layer is more preferred. It is also possible to employ a 
silane coupling agent, titanate coupling agent, and silicone 
polymer-based adhesive. Further, lipophilic materials such as 
a phenol resin and an epoxy resin can be utiliZed When 
employing the electrode material using a solvent mainly 
made up of Water. 

It is also possible to use the ultra-Water repellent material as 
described in the SCIENCE, Vol. 299, P. 1377. 

S5: A step of removing the semiconductor layer and the 
repellent layer. 
As shoWn in FIG. 1(4-b), a light ?ux is applied from the 

arroW-marked direction on the back of the substrate 1, 
Whereby the semiconductor layer 10 and the repellent layer 
20 are removed. The result of this procedure is given in FIG. 
1(5-a) and FIG. 1(5-b). 

For example, a laser is used as a light source, and light 
?uxes are sequentially applied from the back surface of the 
substrate 1 to carry out exposure. Light ?uxes except for those 
on the gate electrode 4 reach the semiconductor layer 10 and 
the repellent layer 20 laminated on the substrate 1 so that the 
semiconductor layer 10 are repellent layer 20 are sublimed, 
Whereby these layers are removed. For the gate electrode 4, in 
the meantime, the gate electrode 4 serves as a mask to shield 
the light. The gate insulation layer 7, the semiconductor layer 
10 and the repellent layer 20 on the gate electrode 4 remain as 
they are. In addition, the gate insulation layer 7 alloWs trans 
mission ofthe light. 

The same result Will be obtained When ultraviolet rays are 
used as a light source to perform collective exposure. 

S6: A step of forming a source electrode and a drain elec 
trode. 
As shoWn in FIGS. 1(6-11) and 1(6-b), When the ?uid elec 

trode material 21 shoWn beloW is supplied to the aforemen 
tioned repellent layer 20, the ?uid electrode material 21 is 
subjected to interaction from the surface of the repellent layer 
20, as shoWn in FIGS. 1(7-a) and 1(7-b), and is separated into 
the source electrode 8 and the drain electrode 9a. Then, as 
shoWn in FIGS. 1(8-a) and 1(8-b), in order to expand the 
range of a drain electrode 9, the ?uid electrode material 21 is 
supplied to form a drain electrode 9b, a drain electrode 90 and 
a drain electrode 9d. The drain electrodes 9a through 9d are 
expanded to form the drain electrode 9 having a Wide range as 
shoWn in FIGS. 1(9-11) and 1(9-b). 

<<Fluid Electrode Material: Constituent Material of 
Source Electrode 8, Drain Electrode 9 and Others>> 
The ?uid electrode material 21 as an embodiment of the 

present invention is PEDOT/PSS (poly(ethylenediox 
ythiophene)/poly(styrenesulfonic acid)). Various means for 
the production of the organic semiconductor layer (to be 
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8 
described later) can be used to form the source electrode 8 and 
the drain electrode 9 by supplying the ?uid electrode material 
21 onto the aforementioned repellent layer 20. Of these meth 
ods, the inkjet method is used With particular preference. 
When the ink containing the ?uid electrode material 21 is 

emitted onto the repellent layer to form a source electrode and 
a drain electrode by the inkj et method, an ink receiving layer 
is preferably provided for the purpose of forming the elec 
trode area formed by ink emission to be an adequate siZe. A 
porous type receiving layer used for the commonly knoWn 
inkjet recording medium is preferably used as an ink receiv 
ing layer. 

After the Step S6, an insulating thin ?lm and contact holes 
are formed, and a pixel electrode is formed by the coating type 
ITO, Whereby a complete organic TFT is produced. 
The embodiment of the present invention provides a 

method of manufacturing a loW-cost thin ?lm transistor of 
minimiZed variations in performances, as Well as the thin ?lm 
transistor produced thereby. 

EXAMPLE 

The folloWing describes the Examples for con?rming the 
advantages of the embodiment of the present invention, With 
out the present invention being restricted thereto. 

Example 1 -1 

In the Example, a 150x170 mm glass substrate With an 
AlNd ?lm formed on the surface at a thickness of 125 nm Was 
used as a substrate 1. In this Example, 100 organic TFTs 
(10x10) Were formed on the substrate 1. 

[Preparation of Organic TFT] 
The TFTs Were prepared in the Steps S1 through S6 

described With reference to FIGS. 1(1-a) through 1(9-b). The 
numbers of the Steps Will be assigned, and the same descrip 
tion Will be omitted to avoid duplication. 

S1: A step of forming a gate electrode 4b on the transmis 
sive substrate 1. 
A resist is formed on the substrate 1 at a thickness of about 

1 pm. Then the gate electrode 4b and gate bus 411 Were pro 
vided through the steps of expo sure, development, AlNd etch 
ing and resist removing. 

S2: A step of forming a gate insulation layer 7. 
A SiO2 ?lm is formed on the substrate 1 at a thickness of 

500 nm as the gate insulation layer 7 by the plasma CVD 
method, using the TEOS (tetraethoxysilane) gas. 

S3: A step of forming a semiconductor layer 10. 
After cleaning, poly(3-hexylthiophene) Was dissolved in 

chloroform at a concentration of 0.3% by mass. The solvent 
obtained therefrom Was used as a semiconductor material, 
and an adequate amount of this solution Was dropped onto the 
portion corresponding to the gate electrode 7b on the gate 
insulation layer 7 according to the inkj et method. 

S4: A step of forming a repellent layer 20. 
In the next step of forming a repellent layer 20, 10 nm of an 

aqueous solution of PVA Was applied onto the aforemen 
tioned semiconductor by the spin coating method. The sub 
strate 1 processed in the Step S3 Was immersed in the solution 
in Which 0.1 mol/l of octadesyl trichlorosilane as a self 
assembled monolayer Was dissolved in toluene. 

S5: A step of removing the semiconductor layer and the 
repellent layer. 

Using an excimer laser processing apparatus, a laser beam 
Was applied from the rear surface of the substrate. Collective 
exposure, masked by the gate electrode 4b, of gate the insu 
lation layer 7, the semiconductor layer 10 and the repellent 
layer 20 Was conducted. The details are given as folloWs: 

Wavelength of laser beam: 532 nm; output energy: 2 mJ; 
pulse Width: 6 nm; one-shot area: 150 um><150 um 
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S6: A step of forming a source electrode and a drain elec 
trode. 

An adequate amount of PEDOT/PSS (poly(ethylenediox 
ythiophene)/poly(styrenesulfonic acid)) Was dropped on the 
repellent layer 20 by the inkj et method. Further, an adequate 
amount of PEDOT/PSS Was dropped to the position Where 
the area of the drain electrode 9 is extended. 

Lastly, a polyimide-based insulating thin ?lm Was formed 
by ?exographic printing. Contact holes Were formed by laser, 

1 0 
[Experimental Result] 
Table 1 shoWs the experimental result. Of 100 organic TFT 

devices on the glass substrate produced under different con 

ditions, 24 organic TFT devices Were selected at random in 

this experiment, and the ON/OFF current ratio (the current 
value betWeen the source and drain When the TFT is ON/the 

current value betWeen the source and drain When the TFT is 

OFF) Was evaluated for each of them. 

TABLE 1 

Example Example Example 
1-1 1-2 1-3 Comp. 1 

Mobility Average value 0.013 0.01 0.011 0.011 
(cm2/V- S) Standard 0.000663 0.00159 0.000418 0.010747 

deviation 
Standard 0.051 0.159 0.038 0.977 
deviation/ 
average value 

ON/OFF Average value 3.20E+04 2.00E+04 1.90E+04 1.40E+04 
current Standard 14700 9238 9186 10733 
ratio deviation 

Standard 0.46 0.46 0.48 0.77 
deviation/ 
average value 

C omp.: Comparative example 

and a pixel electrode Was formed by a coating type ITO, 
Whereby a complete organic TFT array substrate Was pro 
duced. 

Example l-2 

The folloWing describes the Example 1-2 for the purpose of 
demonstrating the advantages of the embodiment of the 
present invention: 

In this Example, the substrate 1 Was the same as that in the 
Example 1-1, and the Steps S1 through S4 Were the same as 
those in the Example l-l . In the Step S5, ultraviolet rays Were 
applied to the entire rear surface of the substrate 1 using an 
UV exposure apparatus. Collective exposure, masked by the 
gate electrode 4b, of the semiconductor layer 10 and the 
repellent layer 20 Was carried out. The details are given 
beloW: 

Wavelength of laser beam: 405 nm; output energy: 500 W; 
exposure time: 50000 sec. 

The conditions in the Steps S6 and thereafter used for 
production Were the same as those in the Example l-l. 

Example 1-3 

The folloWing describes the Example 1-3 for the purpose of 
demonstrating the advantages of the embodiment of the 
present invention: 

In this Example, the substrate 1 Was the same as that in the 
Example 1-1, and the Steps S1 through S3 Were the same as 
those in the Example 1-1. In the Step S4, a silicon adhesive 
Was printed by the screen printing method. After being heated 
at 50° C., it Was cured. In the process of removing the semi 
conductor layer 10 and the repellent layer 20 in the Step S5, 
the laser beam having the same Wavelength, output energy, 
pulse Width as those in the Example l-l Was applied. In this 
case, hoWever, the number of shots Was increased by three 
times. 

The conditions in the Steps S6 and thereafter used for 
production Were the same as those in the Example l-l. 
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The Comparative Example 1 is an experiment example 
given for the sake of comparison. In the Comparative 
Example 1, organic TFTs are manufactured as folloWs. As 
disclosed in the Japanese Laid-Open Patent Publication No. 
2005-79560, light is applied from the rear surface of the gate 
electrode, and the area to be an active portion of the semicon 
ductor formed later Was patterned. Then the ?uid electrode 
material is emitted on the repellent layer formed on the gate 
electrode, and the source electrode and the drain electrode 
Were formed. After that, a semiconductor layer is formed. 

The organic TFT device in the Comparative Example 1 Was 
prepared as folloWs: 100 organic TFTs (10x10) Were formed 
using a 150 mm><l70 mm glass substrate With the same AlNd 
?lm as that in the Example l-l formed on the surface at a 
thickness of 125 nm. A resist is formed on the substrate 1 at a 

thickness of about 1 pm. Then the gate electrode and gate bus 
Were provided through the steps of exposure, development, 
AlNd etching and resist removing. 
Then a gate insulation ?lm Was formed by the same method 

as that in the Example l-l. 

In the next repellent layer forming process, the material is 
subjected to the OTS treatment Wherein it is immersed in the 
solution prepared by dissolving 0.1 mol/l of the octadesyl 
trichlorosilane in toluene. 

Using a commercially available excimer laser processing 
apparatus, a laser beam Was applied from the rear surface of 
the substrate, Whereby the repellent layer Was patterned to be 
the same shape as the gate. The details are given beloW: 

Wavelength of laser beam: 532 nm; output energy: 2 m]; 
pulse Width: 6 nm; one-shot area: 150 um><150 um 
An adequate amount of PEDOT/PSS (poly(ethylenediox 

ythiophene)/poly(styrenesulfonic acid)) Was dropped onto 
the repellent layer 20 according to the inkj et method. A source 
electrode and a drain electrode Were formed on the portion 
that did not exhibit Water repellency due to exposure to light 
in the self-assembling manner. 
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The following describes the step of forming a semiconduc 
tor layer: 

In the Comparative Example 1, in the semiconductor layer 
formation process, the solvent obtained by dissolving 0.3% 
by mass of poly(3-hexylthiophene) into chloroform Was used 
as a semiconductor material. This solvent Was dropped 
betWeen the source electrode and the drain electrode by the 
inkjet method. The semiconductor material having been 
dropped spreads to cover the source electrode and the drain 
electrode as Well. 

In the Example 1-1, Example 1-2 and Example 1-3, a 
repellent layer 20 Was formed on the semiconductor layer 10. 
A laserbeam Was used to remove the unWantedportions of the 
semiconductor layer 10 and the repellent layer 20. Then 
PEDOT/PSS Was dropped to form a source electrode 8 and a 
drain electrode 9. In the Comparative Example 1, after for 
mation of a repellent layer on the gate insulation ?lm, light 
Was used for patterning to the repellent layer to be the same 
shape as the gate. Then PEDOT/PSS Was dropped thereon, 
Whereby a source electrode 8 and a drain electrode 9 Were 
formed. After that, the semiconductor layer 10 Was formed. 

The expeimental result demonstrates that the organic TFTs 
created in the Example 1-1, Example 1-2 and Example 1-3 
have smaller variations in mobility and ON/OFF current ratio 
than those of the Comparative Example 1. It has also been 
revealed that the mobility and ON/OFF current ratio provide 
the performances equal to or better than those in the Com 
parative Example 1. 

It has been revealed that in the Example 1-1 Wherein the 
repellent layer 20 Was coated With the octadesyl trichlorosi 
lane of self-assembled monolayer, both the mobility and 
ON/OFF current ratio are more improved, and variations are 
smaller than those in the Example 1-3 Wherein the silicon 
adhesive is printed. 
As described above, in the Example of the present inven 

tion, the semiconductor layer 10 is sublimed by exposure to 
light and patterning is performed in the Step S5. This arrange 
ment provides higher dimensional accuracy of the channel 
portion, and produces a semiconductor device characterized 
by reduced variations in mobility. On the other hand, the 
method used in the Comparative Examples 1 fails to ensure 
formation of the channel of the last mounted semiconductor 
in high dimensional precision. This is estimated to produce 
greater variations. 

Example 2 

The folloWing describes the Example 2 for the purpose of 
verifying the advantages of the embodiment of the present 
invention: 

In this Example, the substrate 1 Was the same as that of the 
Example 1-1, and the conditions for the Steps S1 through S4 
Were the same as those in the Example 1-1. In the Step S5, 
using the same commercially available excimer laser process 
ing apparatus as that in the Example 1-1, a laser beam Was 
applied from the rear surface of the substrate. In the Example 
2, light is applied in tWo processes; a ?rst irradiation process 
Wherein light is applied from the gate electrode 4b to the drain 
electrode 9, and a second irradiation process Wherein light is 
applied from the gate electrode 4b to the source electrode 8. 
Further, the angle of the laser beam applied in the ?rst process 
is different from that in the second irradiation process. This 
Will be described in greater details With reference to FIGS. 
2(a) to 2(c). 

FIGS. 2(a) to 2(c) are explanatory diagrams shoWing an 
irradiation process in the Example 2. The same constituent 
elements as those of FIGS. 1(1-a) to 1(9-b) Will be assigned 
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12 
With the same reference numerals, and the same description 
Will be omitted to avoid duplication. 

FIG. 2(a) is an explanatory diagram shoWing the ?rst irra 
diation process. It gives the cross sectional vieW of the sub 
strate 1 under the same conditions as those in FIG. 1(4-b). In 
the ?rst irradiation process of FIG. 2(a), a light ?ux L2 of 
laser beam Was applied at an angle 02 included toWard the 
side for forming a source electrode 8 With respect to the 
perpendicular line X of the substrate 1. 

FIG. 2(b) is an explanatory diagram for illustrating the 
second irradiation process. It gives the cross sectional vieW of 
the substrate 1 under the same conditions as those in FIG. 
1(4-b). In the second irradiation process of FIG. 2(b), a light 
?ux L1 of laser beam Was applied at an angle 01 inclined 
toWard the side for forming a drain electrode 9 With respect to 
the perpendicular line X of the substrate 1. 

In this Example, the folloWing setting Was made: 

Then the Step S6 Was carried out to form a source electrode 
and a drain electrode. The Steps S6 and thereafter are the 
same as those in the Example 1-1. 

FIG. 2(c) shoWs that the source electrode 8 and the drain 
electrode 9 are formed in the Step S6. 

The semiconductor layer 10 and the repellent layer 20 
laminated on the gate electrode 4b exhibit a trapeZoidal cross 
section after a laser beam Was applied in the ?rst and the 
second irradiation processes, as shoWn in FIG. 2(c). This 
arrangement increases the area of contact betWeen the semi 
conductor layer 10 and the end face of the source electrode 8 
and the drain electrode 9 formed in an inclined position by 
surface tension When the fluid electrode material 21 is 
dropped. 

[Experimental Result] 
Table 2 shoWs the experimental result. Of 100 organic TFT 

devices on the glass substrate produced under different con 
ditions, 24 organic TFT devices Were selected at random in 
this experiment, and the mobility and ON/OFF current ratio 
(the current value betWeen the source and drain When the TFT 
is ON/the current value betWeen the source and drain When 
the TFT is OFF) Were evaluated for each of them. 

TABLE 2 

Example 
Example 2 1-1 Comp. 1 

Mobility Average 0.012 0.013 0.011 
(cm2/V - S) value 

Standard 0.000228 0.00663 0.010747 
deviation 
Standard 0.019 0.051 0.977 
deviation/ 
average 
value 

ON/OFF Average 8.10E+03 3 .20E+04 1.40E+04 
current value 
ratio Standard 4872 14700 10733 

deviation 
Standard 0.60 0.46 0.77 
deviation/ 
average 
value 

C omp.: Comparative example 

The experimental result demonstrated that the mobility of 
the organic TFT produced in the Example 2 Was equivalent to 
that in the Example 1- 1, and variations Were very small. It Was 
also veri?ed that the ON/OFF current ration Was suf?cient to 
meet practical performance requirements. 
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Example 3 

In this Example, the substrate 1 Was the same as that of the 
Example 1-1, and the conditions for the Steps S1 and S2 Were 
the same as those in the Example 1-1. The Step S2B of 5 
forming an orientation layer 22 Was arranged after the Step S2 
of forming a gate insulation layer 7. The steps S3 and there 
after are the same as those in the Example 1-1. 

FIGS. 3(1-a) to 3(6-b) are explanatory diagrams shoWing 
the method of manufacturing the TFT in the Example 3. 
Referring to FIGS. 3(1-a) to 3(6-b), the following describes 
the Example 3: 

FIGS. 3(1-a) and 3(1-b) shoW the Step S1, and FIGS. 
3(2-a) and 3(2-b) illustrate the Step S2. Steps S1 and S2 are 

14 
When the semiconductor layer and the repellent layer are 

removed in the Step S5, the gate insulation layer 7, orientation 
layer 22, the semiconductor layer 10 and the repellent layer 
20 are laminated in that order on the gate electrode 4b, as 
shoWn in FIGS. 3(6-a) and 3(6-b). 
The Steps S6 and thereafter are the same as those in the 

Example 1-1, and Will not be described. 
[Experimental Result] 
Table 3 shoWs the experimental result. Of 100 organic TFT 

0 devices on the glass substrate produced under different con 
ditions, 24 organic TFT devices Were selected at random in 
this experiment, and the mobility and ON/OFF current ratio 
(the current value betWeen the source and drain When the TFT 
is ON/the current value betWeen the source and drain When 
the TFT is OFF) Were evaluated for each of them. 

TABLE 3 

Example 3 Example 1-1 Comp. 1 

Mobility Average value 0.021 0.013 0.011 
(cm2/V - S) Standard deviation 0.003003 0.000663 0.010747 

Standard 0.143 0.051 0.977 
deviation/average value 

ON/OFF Average value 6.99E+04 3.20E+04 1.40E+04 
current Standard deviation 14341 14700 10733 
ratio Standard 0.21 0.46 0.77 

deviation/ average value 

C omp.: Comparative example 

the same as those in the Example 1-1, and Will not be 30 
described. The folloWing describes the step of forming the 
orientation layer 22. 

S2B: A Step of Forming the Orientation Layer 22 
In the step of forming the orientation layer 22, the substrate 

1 processed in the Step S2 Was immersed in the solvent 3 
obtained by dissolving 0.1 mol/l octadesyl trichlorosilane in 
toluene. Then the orientation layer 22 Was formed on the 
surface of the gate insulation layer 7 subsequent to the Step 
S2, as shoWn in FIGS. 3(3-a) and 3(3-b). 
As described above, When the gate insulation layer 7 is 

covered by octadesyl trichlorosilane as a self-assembled 
monolayer, the order of orientation of the semiconductor 
layer 10 is improved and the TFT sWitching performances are 
also upgraded. This improvement is disclosed in the Japanese 
Laid-Open Patent Publication No. 2005-79560, for example. 
The object of this process is to improve the orientation per 
formance of the semiconductor layer 10 by forming the ori 
entation layer 22. 

FIGS. 3(4-a) and 3(4-b) shoW that a semiconductor layer 
10 is formed on the orientation layer 22 in the Step S3. 

FIGS. 3(5-a) and 3(5-b) shoW that the repellent layer 20 is 
formed on the orientation layer 22 in the Step S4. In the Step 
S4, the semiconductor layer 10 is coated With an aqueous 
solution of PVA at a thickness of 10 nm by the spin coating 
method. Then the substrate is subjected to the OTS treatment 
Wherein it is immersed in the solvent obtained by dissolving 
0.1 mol/l of the same octadesyl trichlorosilane as that of the 
Step S2B in toluene. Octadesyl trichlorosilane layers are 
formed on the upper and loWer surfaces of the semiconductor 
layer 10. 

The octadesyl trichlorosilane layer formed on the upper 
portion of the semiconductor layer 10 serves as a repellent 
layer 20 that utiliZes Water-repellency of octadesyl trichlo 
rosilane. The octadesyl trichlorosilane layer formed on the 
loWer portion of the semiconductor layer 10 serves as an 
orientation layer 22. 

It has been revealed by the experimental result that both the 
mobility and ON/OFF current ratio of the organic TFT cre 
ated in the Example 3 are much more improved and variations 
are smaller then in the Example 1-1. In the Example of the 
preset invention, it has been veri?ed that the performances of 

5 the semiconductor device are improved by providing an ori 
entation ?lm 22 made of the same octadesyl trichlorosilane as 
the material forming the repellent layer 20. 

Example 4 
40 

In this Example, the substrate 1 Was the same as that the 
Example 1-1, and the same the Steps S1 and S2 Were the same 
as those in the Example 1-1. The vacuum vapor deposition 
method Was used in the Step S3 to form a semiconductor layer 

45 10. 

S3: A Step of Forming a Semiconductor Layer 10. 
After cleaning, pentacene molecules Were formed at a sub 

strate temperature ranging from the room temperature to 1000 
C. by the vacuum vapor deposition method, and Were pro 

50 cessed into the shape of an island by the mask vapor deposi 
tion method or the photography method Where oxygen Was 
used as an etching gas, Whereby an organic semiconductor 
?lm Was formed. The ?lm making speed at the time of vapor 
deposition Was 3 nm/min. under a pressure of 5><104 Pa. 

55 The Steps S4 and thereafter are the same as those in the 
Example 1-1, and Will not be described. 

In the Comparative Example 2, an organic TFT device Was 
produced under the same conditions as those in the Compara 
tive Example 1 except that the semiconductor material Was 

60 replaced by the pentacene Which Was a loW-molecular 
organic semiconductor material. 

[Experimental Result] 
Table 4 shoWs the experimental result. Of 100 organic TFT 

devices on the glass substrate produced under different con 
65 ditions, 24 organic TFT devices Were selected at random in 

this experiment, and the mobility and ON/OFF current ratio 
(the current value betWeen the source and drain When the TFT 
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is ON/the current value between the source and drain When 
the TFT is OFF) Were evaluated for each of them. 

TABLE 4 

Example 4 Comp. 2 

Mobility Average value 0.08 0.07 
(cm2/V - S) Standard deviation 0.00888 0.0994 

Standard 0.111 1.42 
deviation/average 
value 

ON/OFF Average value 1.44E+05 1.30E+05 
current Standard deviation 483 71 128371 
ratio Standard 0.34 0.99 

deviation/average 
value 

C omp.: Comparative example 

It Was revealed by the experimental result that both the 
mobility and ON/OFF current ratio of the organic TFT cre 
ated in the Example 4 Were superior to those in the Compara 
tive Example 2. It Was also made clear that variations in 
mobility and ON/OFF current ratio Were smaller. To be more 
speci?c, this experiment result demonstrated the excellent 
advantages of the embodiment of the present invention in the 
soluble high-molecular semiconductor material as Well as in 
the molecular material. 

Example 5 

The following describes the Example 5 for the purpose of 
verifying the advantages of the embodiment of the present 
invention: 

In this Example, the substrate 1 Was the same as that of the 
Example 4, and the conditions for the Steps S1 through S3 
Were the same as those in the Example 4. 

In the Step S4 of forming the repellent layer 20, the repel 
lent layer 20 greater than the desired one Was formed on the 
semiconductor layer 10 by the inkj et method. 

In the Step S5, using the same commercially available 
excimer laser processing apparatus as that in the Example 2, 
a laser beam Was applied from the rear surface of the substrate 
in tWo separate processes; a ?rst and second irradiation pro 
cesses. In the Example 4, the angle of the laser beam applied 
Was changed in the opposite direction to that in the Example 
2. 

The folloWing describes the details more speci?cally With 
reference to FIGS. 4(a) to 4(c). 

FIGS. 4(a) to 4(c) are explanatory diagrams shoWing an 
irradiation process in the Example 5. The same constituent 
elements as those of FIG. 2 Will be assigned With the same 
reference numerals, and the same description Will be omitted 
to avoid duplication. 

FIG. 4(a) is an explanatory diagram shoWing the ?rst irra 
diation process. It gives the cross sectional vieW of the sub 
strate 1 under the same conditions as those in FIG. 1(4-b). In 
the ?rst irradiation process of FIG. 4(a), a light ?ux L4 of 
laser beam Was applied at an angle 04 inclined toWard the side 
for forming a drain electrode 9 With respect to the perpen 
dicular line X of the substrate 1. 

FIG. 2(b) is an explanatory diagram shoWing the second 
irradiation process. It gives the cross sectional vieW of the 
substrate 1 under the same conditions as those in FIG. 1(4-b). 
In the second irradiation process of FIG. 2(b), a light ?ux L3 
of laser beam Was applied at an angle 03 inclined toWard the 
side for forming a source electrode 8 With respect to the 
perpendicular line X of the substrate 1. 
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16 
In this Example, the folloWing setting Was made: 

The Step S6 Was carried out to form a source electrode and 
a drain electrode. The Steps S6 and thereafter are the same as 
those in the Example 1-1. 

FIG. 4(c) shoWs that the source electrode 8 and the drain 
electrode 9 are formed in the Step S6. 

After a laser beam Was applied in the ?rst and second 
irradiation processes, the semiconductor layer 10 and the 
repellent layer 20 laminated on the gate electrode 4b exhibit a 
trapezoidal cross section Wherein the upper side is smaller, as 
shoWn in FIG. 4(c). In this manner, the semiconductor layer 
10 can be made narroWer than that gate electrode 4b by tilting 
the angle of irradiation. This arrangement is best suited to 
reducing the length of the channel for a larger current. 

[Experimental Result] 
Table 5 shoWs the experimental result. Of 100 organic TFT 

devices on the glass substrate produced under different con 
ditions, 24 organic TFT devices Were selected at random in 
this experiment, and the mobility and ON/OFF current ratio 
(the current value betWeen the source and drain When the TFT 
is ON/the current value betWeen the source and drain When 
the TFT is OFF) Were evaluated for each of them. 

TABLE 5 

Example 5 Example 4 Comp. 2 

Mobility Average value 0.087 0.08 0.07 
(cm2/V- S) Standard 0.0094 0.00888 0.0994 

deviation 
Standard 0.11 0.111 1.42 
deviation/ 
average value 

ON/OFF Average value 1.48E+05 1.44E+05 1.30E+05 
current Standard 51259 48371 128371 
ratio deviation 

Standard 0.35 0.34 0.99 
deviation/ 
average value 

Comp.: Comparative example 

The experimental result demonstrated that the mobility of 
the organic TFT produced in the Example 5 Was about 9% 
greater than that in the Example 4. The effect of reducing the 
length of the channel Was veri?ed. Further, it Was also 
revealed by the experiment result that both the mobility and 
ON/OFF current ratio of the organic TFT created in the 
Example 5 Were superior to those in the Comparative 
Example 2, and variations in mobility and ON/OFF current 
ratio Were smaller. 

Example 6 

In this Example, the substrate 1 Was the same as that of the 
Example 4, and the conditions for the Steps S1 through S4 
Were the same as those in the Example 4. 

The folloWing describes the Steps S3 and thereafter With 
reference to FIGS. 5(a) to 5(e). FIGS. 5(a) to 5(e) are explana 
tory diagrams shoWing the method of manufacturing the TFT 
in the Example 6; 

FIG. 5(a) shoWs that the semiconductor layer 10 is formed 
in the Step S3. 

FIG. 5(b) shoWs that a repellent layer 20 greater than the 
desired one Was formed on the semiconductor layer 10 by the 
inkjet method in the Step S4. 

FIG. 5(0) indicates that a laser beam L1 is applied from the 
rear surface of the substrate 1 through a photomask 40 in the 
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Step S5. The laser beam used the second harmonics of the 
YAG laser and a galvano-mirror Was employed for scanning. 

The photomask 40 is made up of a mask (pattern) section 
40a of a predetermined pattern con?guration and a transpar 
ent portion 40b. The mask section 40a is not a perfect light 
shield section. The one used in the present Example alloWs 
passage of 25% light. In the meantime, the transparent por 
tion 40b of the photomask 40 alloWs passage of almost 100% 
light. 

The percentage in the amount of light passing through the 
mask section 4011 is not restricted to 25%. The material of the 
repellent layer 20 can be removed by a smaller amount of li ght 
than that of the semiconductor layer 10. This property is 
utiliZed to set the amount of light to the level that can remove 
the repellent layer 20, but not the semiconductor layer 10. For 
example, When the laser beam L1 is applied to the area 
equivalent to the mask section 4011 Without using the photo 
mask 41, the amount of the laser beam L1 can be set to the 
level capable of removing the repellent layer 20, but not the 
semiconductor layer 10. 
The portion betWeen the dotted line a and dotted line a' in 

FIG. 5(c) is completely protected by the gate electrode 4b 
against the laser beam L1 having passed through the mask 
section 4011. Further, the portion betWeen the dotted line a and 
dotted line b and that betWeen the dotted line a' and dotted line 
b' is not protected by the gate electrode 4b against the laser 
beam L1 having passed the mask section 4011, and therefore, 
25% laser beam is applied to this area. As shoWn in FIG. 5(c), 
the portion on the semiconductor layer 10 exposed to the laser 
beam having passed through the mask section 4011 remains 
unremoved, While the repellent layer 20 formed on the semi 
conductor layer 10 is removed. Further, the portions of both 
the semiconductor layer 10 and the repellent layer 20 exposed 
to the laser beam having passed through the transparent por 
tion 40b are removed. 

If light is applied by the tWo-stage mask of the photomask 
40 and gate electrode 4b, the semiconductor layer 10 can be 
formed to have a desired con?guration, and the repellent layer 
20 on the semiconductor layer 10 can be formed to, have a 
desired con?guration smaller than the semiconductor layer 
10, in a single operation of exposure, as shoWn in FIG. 5(c). 

FIG. 5(d) shoWs that the ?uid electrode material 21 is 
dropped in the Step S6. In this Example, similarly to the case 
of the Example 4, an adequate amount of PEDOT/PSS (poly 
(ethylenedioxythiophene)/poly(styrenesulfonic acid)) is 
dropped as the ?uid electrode material 21 on the substrate 1 
according to the inkj et method. 

FIG. 5(e) shoWs that the ?uid electrode material 21 is 
separated to be the source electrode 8 and the drain electrode 
9 under the interaction from the surface of the repellent layer 
20. The area of the repellent layer 20 is smaller than that of the 
semiconductor layer 10, and this arrangement increases the 
contact area betWeen the semiconductor layer 10 and each of 
the source electrode 8 and the drain electrode 9. 

[Experimental Result] 
Table 6 shoWs the experimental result. Of 100 organic TFT 

devices on the glass substrate produced under different con 
ditions, 24 organic TFT devices Were selected at random in 
this experiment, and the mobility and ON/OFF current ratio 
(the current value betWeen the source and drain When the TFT 
is ON/the current value betWeen the source and drain When 
the TFT is OFF) Were evaluated for each of them. 
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TABLE 6 

Example 6 Example 4 Comp. 2 

Mobility Average value 0.097 0.08 0.07 
(cm2/V- S) Standard 0.0012 0.00888 0.0994 

deviation 
Standard 0.12 0.111 1.42 
deviation/ 
average value 

ON/OFF Average value 9.40E+04 1.44E+05 1.30E+05 
current Standard 35989 48371 128371 
ratio deviation 

Standard 0.38 0.34 0.99 
deviation/ 
average value 

C omp.: Comparative example 

The experimental result demonstrated that the mobility of 
the organic TFT produced in the Example 6 Was about 20% 
greater than that in the Example 4. This has veri?ed the effect 
of increasing the contact area betWeen the semiconductor 
layer 10 and each of the source electrode 8 and the drain 
electrode 9. Further, it Was also revealed by the experimental 
result that both the mobility and ON/OFF current ratio of the 
organic TFT created in the Example 6 Were superior to those 
in the Comparative Example 2, and variations in mobility and 
ON/OFF current ratio Were smaller. 

Example 7 

In this Example, the substrate 1 Was the same as that of the 
Example 4, and the conditions for the Steps S1 and S2 Were 
the same as those in the Example 4. 

The folloWing describes the Steps S3 and thereafter With 
reference to FIGS. 6(a)-6(e). FIGS. 6(a)-6(e) are explanatory 
diagrams shoWing the method of manufacturing the TFT in 
the Example 7. 

FIG. 6(a) indicates that the semiconductor layer 10 is 
formed over the entire surface of the substrate 1 in the Step S3. 
The semiconductor material is pentacene, and the semicon 
ductor layer 10 is formed over the entire surface of the sub 
strate 1 by the vacuum vapor deposition. 

FIG. 6(b) indicates that the repellent layer 20 is formed on 
the semiconductor layer 10 in the Step S4. In the Step S4, 
similarly to the case of the Example 4, the aqueous solution of 
PVA Was coated on the semiconductor layer 10 by the spin 
coating method at a thickness of 10 nm. After that, the sub 
strate 1 processed in the Step S3 Was immersed in the solution 
prepared by dissolving 0.1 mol/l of octadesyl trichlorosilane 
as self-assembled monolayer in toluene. 

FIG. 6(c) shoWs that laser beam L3 Was applied from the 
rear surface of the substrate 1, and simultaneously, laserbeam 
L2 is applied from the front surface of the substrate 1 through 
the photomask 41 in the Step S5. Both the laser beam L2 and 
laser beam L3 used the second harmonics of the YAG laser, 
and a galvano-mirror Was employed for scanning. 
The photomask 41 is made up of a light shield section 4111 

of a predetermined pattern con?guration and a transparent 
section 41b. The light shield section 4111 blocks light com 
pletely, and the transparent section 41b alloWs passage of 
almost 100% light. 
The amount of the laser beam L3 is set to the level Wherein 

the repellent layer 20, but not the semiconductor layer 1 0, can 
be removed. Further, the amount of laser beam L2 having 
passed through the transparent section 41b can remove both 
the semiconductor layer 10 and the repellent layer 20. 
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The same result can be obtained by ensuring that the scan 
ning of the laser beam L2 is stopped so as not to scan the 
portion corresponding to the light shield section 4111, instead 
of using the photomask 41. 

The portion betWeen the dotted line c and dotted line c' in 
FIG. 6(0) is protected against laserbeam L2 by the light shield 
section 4111. The laser beam L2 is not applied to this portion, 
but the laser beam L2 having passed through the transparent 
section 41b is applied to other portion. Thus, the semicon 
ductor layer 10 are repellent layer 20 are removed as shoWn in 
FIG. 6(0). 

The portion betWeen the dotted line d and dotted line d' is 
protected against light by the gate electrode 4b. The repellent 
layer 20 is removed from the area exposed to the laser beam 
L3 except for the portion betWeen the dotted line d ad dotted 
line d', as shoWn in FIG. 6(0). 

The portion betWeen the dotted line c and dotted line d and 
that betWeen the dotted line c' and dotted line d' are protected 
by the light shield section 4111 against the laser beam L2, and 
the laser beam L3 is applied to the repellent layer 20 from the 
rear surface of the substrate 1. Thus, in these areas, the semi 
conductor layer 10 remain unremoved, While the repellent 
layer 20 on the semiconductor layer 10 is removed. 
As described above, the amount of laser beam L3 capable 

of removing only the repellent layer 20 is applied from the 
rear of the surface of the substrate 1 Wherein the gate elec 
trode 4b is formed. Thus, the repellent layer 20 of a desired 
con?guration smaller than the semiconductor layer 10 can be 
formed on the semiconductor layer 10, as shoWn in FIG. 6(0). 

FIG. 6(d) indicates that the ?uid electrode material 21 is 
dropped in the Step S6, and FIG. 6(e) shoWs that the ?uid 
electrode material 21 is separated to be the source electrode 8 
and the drain electrode 9 under the interaction from the sur 
face of the repellent layer 20. The folloWing steps are the same 
as those in the Example 6, and Will not be described. 

[Experimental Result] 
Table 7 shoWs the test result. Of 100 organic TFT devices 

on the glass substrate produced under different conditions, 24 
organic TFT devices Were selected at random in this experi 
ment, and the mobility and ON/OFF current ratio (the current 
value betWeen the source and drain When the TFT is ON/the 
current value betWeen the source and drain When the TFT is 
OFF) Were evaluated for each of them. 

TABLE 7 

Example 7 Example 4 Comp. 2 

Mobility Average value 0.11 0.08 0.07 
(cm2/V- S) Standard 0.014 0.00888 0.0994 

deviation 
Standard 0.13 0.111 1.42 
deviation/average 
value 

ON/OFF Average value 2.5 6E+04 1.44E+05 1.30E+05 
current Standard 10987 48371 128371 
ratio deviation 

Standard 0.43 0.34 0.99 
deviation/average 
value 

C omp.: Comparative example 

The experimental result demonstrated that the mobility of 
the organic TFT produced in the Example 7 Was about 38% 
greater than that in the Example 4. This has veri?ed the effect 
of increasing the contact area betWeen the semiconductor 
layer 10 and each of the source electrode 8 and the drain 
electrode 9. Further, it Was also revealed by the experimental 
result that both the mobility and ON/OFF current ratio of the 
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organic TFT created in the Example 7 Were superior to those 
in the Comparative Example 2, and variations in mobility and 
ON/OFF current ratio Were smaller. 

Example 8 

In this Example, the substrate 1 Was the same as that of the 
Example 4, and the conditions for the Steps S1 and S2 Were 
the same as those in the Example 4. 
The folloWing describes the Steps S3 and thereafter With 

reference to FIGS. 7(0)-7(0). FIGS. 77(a)-7(e) are explana 
tory diagrams shoWing the method of manufacturing the TFT 
in the Example 8. 

FIG. 7(a) shoWs that the semiconductor layer 10 is formed 
over the entire surface of the substrate 1 in the Step S3. The 
semiconductor material is pentacene. The semiconductor 
layer 10 is formed over the entire surface of the substrate 1 by 
the vacuum vapor deposition. 

FIG. 7(b) indicates that the repellent layer 20 is formed on 
the semiconductor layer 10 in the Step S4. In the Step S4, 
similarly to the case of the Example 4, the semiconductor 
layer 10 Was coated With the aqueous solution of PVA at a 
thickness of 10 nm by the spin coating method. After that, the 
substrate 1 processed in the Step S3 Was immersed in the 
solvent prepared by dissolving 0.1 mol/l of octadesyl trichlo 
rosilane as a self-assembled monolayer in toluene. 

FIG. 7(0) shoWs that laser beam L5 Was applied from the 
rear surface of the substrate 1, and simultaneously, laserbeam 
L4 is applied from the front surface of the substrate 1 through 
the photomask 42 in the Step S5. Both the laser beam L4 and 
laser beam L5 used the second harmonics of the YAG laser 
and a galvano-mirror Was employed for scanning. 
The photomask 42 is made up of a light shield section 4211 

of a predetermined pattern con?guration and a transparent 
section 42b. The light shield section 4211 blocks light com 
pletely, and the transparent section 42b alloWs passage of 
25% light. 
The transmittance of the transparent section 42b is not 

restricted to 25%. The material of the repellent layer 20 can be 
removed by a smaller amount of light than that of the semi 
conductor layer 10. This property is utiliZed to set the amount 
of light to the level that can remove the repellent layer 20, but 
not the semiconductor layer 10. For example, it is also pos 
sible to make such arrangements that the amount of the laser 
beam L4 is set to the level capable of removing the repellent 
layer 20, but not the semiconductor layer 10, and the laser 
beam L2 is applied only to the portion Wherein the repellent 
layer 20 is removed, Without using the photomask 42, 
The portion betWeen the dotted line c and dotted line c' in 

FIG. 7(0) is protected against light by the gate electrode 4b. 
The semiconductor layer 10 and the repellent layer 20 are 
removed from the area exposed to the laser beam L5 except 
for the portion betWeen the dotted line c and dotted line c', as 
shoWn in FIG. 7(0). 
The portion betWeen the dotted line d and dotted line d' is 

protected by the light shield section 420 against the laser 
beam L4, and therefore, the laser beam L3 is not applied to 
this portion. Other portions are exposed to the laser beam L2 
having passed through the transparent section 42b. 

The portion betWeen the dotted line c and dotted line d and 
that betWeen the dotted line c' and dotted line d' are protected 
by the gate electrode 4b against the laser beam L5, and the 
laser beam L4 having passed through the transparent section 
42b is applied to the repellent layer 20. The semiconductor 
layer 10 in this portion remains unremoved, and the repellent 
layer 20 formed on the semiconductor layer 10 is removed. 
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As described above, When the amount of laser beam L4 
capable of removing only the repellent layer 20 is applied 
from the direction of the repellent layer 20 formed on the 
substrate 1, it is possible to form the repellent layer 20 on the 
semiconductor layer 10 to have a desired con?guration 
smaller than the semiconductor layer 10, as shoWn in FIG. 
7(c). 

FIG. 7(d) indicates that the ?uid electrode material 21 is 
dropped in the Step S6. FIG. 7(e) shoWs that ?uid electrode 
material 21 is separated to be the source electrode 8 and the 
drain electrode 9 under the interaction of the surface of the 
repellent layer 20. The steps thereafter are the same as those 
in the Example 6, and Will not be described to avoid duplica 
tion. 

[Experimental Result] 
Table 8 shoWs the experimental result. Of 100 organic TFT 

devices on the glass substrate produced under different con 
ditions, 24 organic TFT devices Were selected at random in 
this experiment, and the mobility and ON/OFF current ratio 
(the current value betWeen the source and drain When the TFT 
is ON/the current value betWeen the source and drain When 
the TFT is OFF) Were evaluated for each of them. 

TABLE 8 

Example 8 Example 4 Comp. 2 

Mobility Average value 0.1 0.08 0.07 
(cm2/V- S) Standard 0.017 0.00888 0.0994 

deviation 
Standard 0.17 0.111 1.42 
deviation/average 
value 

ON/OFF Average value 8.71E+04 1.44E+05 1.30E+05 
current Standard 45799 48371 128371 
ratio deviation 

Standard 0.53 0.34 0.99 
deviation/average 
value 

C omp.: Comparative example 

The experimental result demonstrated that the mobility of 
the organic TFT produced in the Example 8 Was about 25% 
greater than that in the Example 4. This has veri?ed the effect 
of increasing the contact area betWeen the semiconductor 
layer 10 and each of the source electrode 8 and the drain 
electrode 9. Further, it Was also revealed by the experimental 
result that both the mobility and ON/OFF current ratio of the 
organic TFT created in the Example 8 Were superior to those 
in the Comparative Example 2, and variations in mobility and 
ON/OFF current ratio Were smaller. 

As described above, the embodiment of the present inven 
tion provides a method of manufacturing a loW-cost thin ?lm 
transistor of minimized variations in performances, as Well as 
the thin ?lm transistor produced thereby. 

The method of manufacturing a thin ?lm transistor accord 
ing to the embodiment of the present invention is not 
restricted to the application to the formation of a channel 
formation area made of the organic semiconductor thin ?lm in 
the organic thin ?lm transistor as described With reference to 
the Examples. To be more speci?c, the method of manufac 
turing the thin ?lm transistor according to the embodiment of 
the present invention can be applied to the folloWing: 

(1) A method of forming a gate electrode made up of an 
organic thin ?lm by applying (preferably, only by applying) 
energy rays to the organic thin ?lm constituting the organic 
thin ?lm integrated circuit (speci?cally, gate electrode), 
Whereby the portion of the organic thin ?lm exposed to energy 
rays is removed; 
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22 
(2) A method of forming a source/drain electrode made of 

an organic thin ?lm by applying (preferably, only by apply 
ing) energy rays to the organic thin ?lm constituting an 
organic thin ?lm integrated circuit (speci?cally, source/drain 
electrode), Whereby the portion of the organic thin ?lm 
exposed to energy rays is removed; 

(3) A method of forming an electrical Wire made up of an 
organic thin ?lm by applying (preferably, only by applying) 
energy rays to the organic thin ?lm constituting an organic 
thin ?lm integrated circuit (speci?cally, various electrical 
Wires), Whereby the portion of the organic thin ?lm exposed 
to energy rays is removed; 

(4) A method of forming a patterned insulation layer made 
up of an organic thin ?lm by applying (preferably, only by 
applying) energy rays to the organic thin ?lm constituting an 
organic thin ?lm integrated circuit (speci?cally, insulation 
?lm, interlayer insulation layer, passivation ?lm and other 
various types of insulation layers), Whereby the portion of the 
organic thin ?lm exposed to energy rays is removed; and 

(5) A method Wherein the opening for providing a connec 
tion hole such as a contact hole and via hole, and the opening 
for providing a connection With a connector are arranged on 
an insulation layer made of an organic thin ?lm, by applying 
(preferably, only by applying) energy rays to the organic thin 
?lm constituting an organic thin ?lm integrated circuit (spe 
ci?cally, insulation ?lm, interlayer insulation layer, passiva 
tion ?lm and other various types of insulation layers) so that 
the portion of the organic thin ?lm exposed to energy rays is 
removed. 

In the aforementioned (1) through (5), the material best 
suited to the organic thin ?lm integrated circuit constituent 
element should be selected as an organic thin ?lm constituting 
the gate electrode, source/drain electrode, various types of 
electrical Wires, insulation ?lm, interlayer insulation layer, 
passivation ?lm and various other insulation layers (collec 
tively referred to as an organic thin ?lm integrated circuit 
constituent element). The energy ray best suited to the mate 
rial of the organic thin ?lm integrated circuit constituent 
element Without damaging the substrate should be selected as 
the energy ray to be applied to such an organic thin ?lm. 
Similarly, the method and conditions for applying energy 
rays, and the mode for removing the organic thin ?lm should 
be adequately selected, set and determined in conformity to 
the organic thin ?lm integrated circuit constituent element, or 
the organic thin ?lm constituting the organic thin ?lm inte 
grated circuit constituent element. 

In the embodiment of the present invention, patterning by 
exposure can be provided after the semiconductor and the 
electrode material of the source electrode and the drain elec 
trode has been coated over the entire surface. Alternatively, 
patterning by expo sure can be provided after rough patterning 
by inkj et or otherWise. The latter arrangement requires 
shorter production time. It is also possible to coat one of them 
over the entire surface and to provide the other With rough 
shatterning. 
What is claimed is: 
1. A method of manufacturing a thin ?lm transistor Which 

includes at least a gate electrode, a semiconductor layer, a 
source electrode and a drain electrode on a transmissive sub 

strate, the method comprising: 
forming the gate electrode on the substrate; 
forming a gate insulation layer on the gate electrode; 
forming the semiconductor layer on the gate insulation 

layer; 
forming a repellent layer on the semiconductor layer, the 

repellent layer being repellent to a ?uid electrode mate 
rial; 
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applying light to simultaneously remove both a part of the 
semiconductor layer and a part of the repellent layer 
other than an area shaded from the light by the gate 
electrode, by applying the light from an opposite surface 
of the substrate to a surface of the substrate on Which the 
gate electrode is formed; and 

forming the source electrode and the drain electrode by 
dropping the ?uid electrode material on the repellent 
layer and dividing the ?uid electrode material by the 
repellent layer. 

2. The method of manufacturing the thin ?lm transistor of 
claim 1, Wherein the semiconductor layer is formed by an 
inkj et method. 

3. The method of manufacturing the thin ?lm transistor of 
claim 1, Wherein the repellent layer is formed by an inkjet 
method. 

4. The method of manufacturing the thin ?lm transistor of 
claim 1, Wherein the repellent layer includes a self assembled 
monolayer. 

5. The method of manufacturing the thin ?lm transistor of 
claim 1, Wherein the removing comprises removing a part of 
the repellent layer by applying second light also from the 
opposite surface of the substrate to a surface on Which the 
repellent layer is formed, an amount of the second light being 
enough to remove the repellent layer and not enough to 
remove the semiconductor layer. 

6. A method of manufacturing a thin ?lm transistor Which 
includes at least a gate electrode, a semiconductor layer, a 
source electrode and a drain electrode on a transmissive sub 

strate, the method comprising: 
forming the gate electrode on the substrate; 
forming a gate insulation layer on the gate electrode; 
forming the semiconductor layer on the gate insulation 

layer; 
forming a repellent layer on the semiconductor layer, the 

repellent layer being repellent to a ?uid electrode mate 
rial; 

applying light to simultaneously remove both a part of the 
semiconductor layer and a part of the repellent layer 
other than an area shaded from the light by the gate 
electrode, by applying the light from an opposite surface 
of the substrate to a surface of the substrate on Which the 
gate electrode is formed, Wherein the applying light 
comprises: 
irradiating a ?rst light on a source electrode area of the 

substrate on Which the source electrode is to be 

formed; and 
irradiating a second light on a drain electrode area of the 

substrate on Which the drain electrode is to be formed, 
Wherein the ?rst light is irradiated at an angle at Which 
a traveling direction of the ?rst light is declined to the 
source electrode area With respect to a vertical direc 
tion to the substrate, and the second light is irradiated 
at an angle at Which a traveling direction of the second 
light is declined to the drain electrode area With 
respect to a vertical direction to the substrate; and 

forming the source electrode and the drain electrode by 
dropping the ?uid electrode material on the repellent 
layer and dividing the ?uid electrode material by the 
repellent layer. 

7. A method of manufacturing a thin ?lm transistor Which 
includes at least a gate electrode, a semiconductor layer, a 
source electrode and a drain electrode on a transmissive sub 

strate, the method comprising: 
forming the gate electrode on the substrate; 
forming a gate insulation layer on the gate electrode; 
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24 
forming the semiconductor layer on the gate insulation 

layer; 
forming a repellent layer on the semiconductor layer, the 

repellent layer being repellent to a ?uid electrode mate 
rial; 

applying light to simultaneously remove both a part of the 
semiconductor layer and a part of the repellent layer 
other than an area shaded from the light by the gate 
electrode, by applying the light from an opposite surface 
of the substrate to a surface of substrate on Which the 
gate electrode is formed, Wherein the applying light 
comprises: 
irradiating a ?rst light on a source electrode area of the 

substrate on Which the source electrode is to be 

formed; and 
irradiating a second light on a drain electrode area of the 

substrate on Which the drain electrode is to be formed, 
Wherein the ?rst light is irradiated at an angle at Which 
a traveling direction of the ?rst light is declined to the 
drain electrode area With respect to a vertical direction 
to the substrate, and the second light is irradiated at an 
angle at Which a traveling direction of the light is 
declined to the source electrode area With respect to a 

vertical direction to the substrate; and 
forming the source electrode and the drain electrode by 

dropping the ?uid electrode material on the repellent 
layer and dividing the ?uid electrode material by the 
repellent layer. 

8. A method of manufacturing a thin ?lm transistor Which 
includes at least a gate electrode, a semiconductor layer, a 
source electrode and a drain electrode on a transmissive sub 

strate, the method comprising: 
forming the gate electrode on the substrate; 
forming a gate insulation layer on the gate electrode; 
forming the semiconductor layer on the gate insulation 

layer; 
forming a repellent layer on the semiconductor layer, the 

repellent layer being repellent to a ?uid electrode mate 
rial; 

applying light to simultaneously remove both a part of the 
semiconductor layer and a part of the repellent layer 
other than an area shaded from the light by the gate 
electrode, by applying the light from an opposite surface 
of the substrate to a surface of the substrate on Which the 
gate electrode is formed, Wherein the applying light 
comprises: 
irradiating a ?rst light on a ?rst side of the gate electrode, 
on Which the source electrode or the drain electrode is 

formed; and 
irradiating a second light on a second side of the gate 

electrode, on Which the source electrode or the drain 
electrode is formed, Wherein the ?rst light is irradiated 
at an angle at Which a traveling direction of the ?rst 
light is declined to the second side With respect to a 
vertical direction to the substrate, and the second light 
is irradiated at an angle at Which a traveling direction 
of the second light is declined to the ?rst side With 
respect to a vertical direction to the substrate; and 

forming the source electrode and the drain electrode by 
dropping the ?uid electrode material on the repellent 
layer and dividing the ?uid electrode material by the 
repellent layer. 

9. A method of manufacturing a thin ?lm transistor Which 
includes at least a gate electrode, a semiconductor layer, a 
source electrode and a drain electrode on a transmissive sub 

strate, the method comprising: 
forming the gate electrode on the substrate; 




